We present measurements of the orbital positions and flux ratios of 17 binary and triple systems in the Ophiuchus star forming region and the Upper Centaurus-Lupus cluster based on adaptive optics imaging at the Keck Observatory. We report the detection of visual companions in MML 50 and MML 53 for the first time, as well as the possible detection of a third component in WSB 21. For six systems in our sample, our measurements provide a second orbital position following their initial discoveries over a decade ago. For eight systems with sufficient orbital coverage, we analyze the range of orbital solutions that fit the data. Ultimately, these observations will help provide the groundwork toward measuring precise masses for these pre-main sequence stars and understanding the distribution of orbital parameters in young multiple systems.
INTRODUCTION
The orbits of binary stars provide a way to measure the dynamical masses of the stellar components. Recent work on measuring the masses of pre-main sequence (PMS) stars has led to significant improvements in the evolutionary models computed at young stellar ages (e.g., Torres et al. 2013; Paxton et al. 2011; Baraffe et al. 2015; Feiden 2016; Simon et al. 2017) . In this paper, we focus on measuring the visual orbits of 15 binary stars in the Ophiuchus star forming region that were initially resolved as binaries 10−20 yr ago (e.g., Ghez et al. 1993; Reipurth & Zinnecker 1993; Simon et al. 1995; Ageorges et al. 1997; Aspin et al. 1997; Koresko 2002; Barsony et al. 2003; Ratzka et al. 2005; Correia et al. 2006; McCabe et al. 2006) . Several of these systems have not had measurements of their positions published since the time of their discovery. We also include two new detections of binaries in the Upper Centaurus-Lupus (UCL) cluster; these stars were initially included in a survey to detect tertiary companions in a sample of PMS spectroscopic binaries (Prato et al. in prep) . If the distance is known, a visual binary orbit provides a measurement of the total system mass. At the distance of the Ophiuchus star forming region (∼ 130 pc; Cheetham et al. 2015; Mamajek 2008 ; and references therein), binaries resolvable through adaptive optics (AO) imaging typically have periods on the order of decades (e.g., Schaefer et al. 2006 Schaefer et al. , 2014 . Therefore, the AO measurements presented here provide the groundwork for measuring high precision orbital parameters and dynamical masses in the future. In order to derive individual masses of the component stars, additional information is required, such as measurements of the astrometric motion of the components around their center of mass (Duchêne et al. 2006; Schaefer et al. 2012; Köhler et al. 2013 Köhler et al. , 2016 or the radial velocity variations in a double-lined spectroscopic binary (Boden et al. 2005; Torres et al. 2012; Simon et al. 2013; Le Bouquin et al. 2014) .
In addition to providing dynamical masses as anchor points for the evolutionary tracks, the distribution of orbital parameters (eccentricities, semi-major axes) and mass ratios in binary systems provide clues to understanding the formation of binary stars (e.g., Duchêne & Kraus 2013; Reipurth et al. 2014) . Moreover, about seven of the systems studied in this paper are part of triple or higher order multiple systems. The relative alignment of the orbits between the inner and outer pairs can probe the initial conditions of star formation (Fekel 1981; Sterzik & Tokovinin 2002; Reipurth et al. 2014; Tokovinin 2014) . A similar assessment can be done by comparing the binary orbital plane with the orientation of circumstellar or circumbinary disks in the system (e.g., Kellogg et al. 2017) . The frequency of coplanar or misaligned systems can provide insights into the formation of the multiple systems and their dynamical evolution over time.
Based on our AO observations and previous measurements available in the literature, we provide an overview on the status of the orbital motion and analysis for each binary and triple system that was observed. We also indicate which systems show variability in their flux ratios.
ADAPTIVE OPTICS OBSERVATIONS

Target Selection
In the Ophiuchus star forming region, we selected previously known binary stars with separations in the range of 40-350 mas and R-band magnitudes within the sensitivity limits of the Keck AO system. The range of separations was selected so that the binaries could be resolved through AO imaging at Keck and would be expected to show a change in orbital motion since the time of their last observation. The observations presented in this paper do not represent a complete sample of binaries that meet these selection criteria. Table 1 lists the binary stars that we observed, along with their right ascension, declination, distance, region, and spectral type. We assigned distances to each target based on their association with nearby star forming regions. Ortiz-León et al. (2017) measured the parallaxes for 12 stars in the Ophiuchus dark cloud Lynds 1688 and for three stars in the eastern streamer Lynds 1689. For our targets that are positionally coincident with Lynds 1688 and 1689, we quote the average distances measured by Ortiz-Leon et al. of 137.3 ± 1.2 pc and 147.3 ± 3.4 pc, respectively. One of our targets, ROXs 47A (DoAr 51) in Lynds 1689, has a direct parallax of 143.2 ± 1.0 pc measured by Ortiz-Leon and we quote that value for the system. For Ophiuchus targets that lie in neither Lynds 1688 nor Lynds 1689, we use the distance of 130 pc adopted by Cheetham et al. (2015) . For MML 50 and 53 we use the mean distance of 140 ± 2 pc to UCL determined by de Zeeuw et al. (1999) . Revised distances for each system will be available in the near future from the GAIA mission (Gaia Collaboration et al. 2016 ).
Keck NIRC2 Observations
We observed the sample of binary stars using the nearinfrared camera NIRC2 (Wizinowich et al. 2000) on the 10-m Keck II Telescope at the W. M. Keck Observatory. We used the natural guide star AO system on all nights except for UT 2015 April 5 when we used the laser guide star. MML 50 and MML 53 were observed using natural guide star AO on all nights (including UT 2015 April 5). All images were taken with the narrow-field camera in NIRC2 which has a field of view of 10 ′′ . Table 2 provides an observing log which lists the UT date and time of observation, target name, filter, AO rate, integration time per exposure, and number of images taken in each filter. Each image consisted of 10 coadded exposures. We obtained sets of 5−12 images dithered across the detector. We flatfielded the images using dark-subtracted dome flats and removed the sky background by subtracting pairs of dithered images. Figure 1 shows example images of the multiples in our sample with the components identified.
We computed the separation, position angle, and flux ratio of the components in the multiple systems using point-spread function (PSF) fitting following the same methods described in Schaefer et al. (2014) . For triple systems, we used the wide component as a simultaneous PSF to model the close pair. For wide binaries where the Airy rings of the PSF for each component did not overlap ( 200 mas), we used the primary component as the PSF to measure the relative separation of the secondary. Ordinarily, for close binaries with overlapping PSFs and no wide component in the field of view, we typically use a separate observation of a single star PSF reference observed either immediately before or after the target using the same AO frame rate. However, because the targets are at southern declinations and were observed at moderate airmasses (z = 1.4−2.0), the AO correction between nearby targets was not always stable, leading to mis-matched PSF shapes. The variability in the shape of the central core and structure in the Airy ring of the PSF can be seen by comparing images of different binaries observed on the same night in Figure 1 . To overcome this difficulty, we created an "effective PSF" (ePSF) directly from the blended binary components.
To create the ePSF, we cross-correlated the central cores of the PSFs from each component to align the images, scaled the fluxes to match their brightnesses, and rejected pixels with the highest counts from the averaged PSF. This process eliminates the blended side of the PSF from each component, providing the PSF of an effectively "single" star as shown in Figure 2 . In each case where we used an ePSF (indicated in the last column of Table 2) , we compared the positions with those computed from using a separate observation of a single PSF star. In all cases, the χ 2 between the data and binary model were lower when using the ePSF. For binaries with separations 70 mas (i.e., MML 53 and VSSG 14), the cores of the components overlapped too much, so we could not create a suitable ePSF and had to use a separate observation of a single star as the PSF. We tested the reliability of creating an ePSF using the triple star EM* SR 24. For this system, we used SR 24S as a simultaneous PSF to model the ∼ 100 mas close pair SR 24 Na,Nb. We also created an ePSF directly from the components in the close pair. The positions derived for the close pair were consistent within 0.90 mas on UT 2014 July 06 and 0.39 mas on UT 2015 July 22, both within the 1 σ uncertainties of the two methods.
We corrected the binary positions using the geometric distortion solutions published by Yelda et al. (2010) prior to the optical realignment of the AO system on 2015 April 13 and by Service et al. (2016) after the re- alignment. For the earlier AO observations, we used a plate scale of 9.952 ± 0.001 mas pixel −1 and subtracted 0.
• 252 ± 0.
• 009 from the raw position angles to correct for the orientation of the camera relative to true north. After 2015 April 13, we used a plate scale of 9.971 ± 0.004 mas pixel −1 and subtracted 0.
• 262±0.
• 020 from the measured position angles. Table 3 presents the Julian year, binary separation, position angle measured east of north, and flux ratios measured in each filter. The positions were averaged over the measurements from individual frames in the H and K bands, and uncertainties were computed from the standard deviation. These filters provide a good compromise between angular resolution and PSF stability. For systems with more than two components, we list the measurements for each pair of stars separately. In Figure 3 we show how the K-band flux ratios change over time.
ANALYSIS OF ORBITAL MOTION
We combined our AO measurements of the binary positions with previously published values from the literature. In several cases we found no published reports of additional measurements of the binary separations since the time of their discovery over 10−20 yr ago. With such limited orbital coverage, it was not possible to compute orbital solutions. For binaries with enough measurements to begin mapping the curvature of the orbit, we assessed the range of possible orbital solutions using the statistical approach outlined by Schaefer et al. (2006 Schaefer et al. ( , 2014 . In general, we searched for possible orbital solutions out to periods of 500 years, eccentricities from 0 to 0.99, and times of periastron passage that covered the full range of the orbital periods. In three cases where the binaries have sufficient orbital coverage (ROXs 47A, EM* SR 20, and EM* SR 24), we computed preliminary values for the orbital period (P ), time of periastron passage (T ), eccentricity (e), angular semi-major axis (a), inclination (i), position angle of the line of nodes (Ω), and the angle between the node and periastron (ω). We discuss the results for each system in more detail below.
MML 50
MML 50 is a young star in the UCL cluster (Wichmann et al. 1997; Mamajek et al. 2002) . It was selected as a PSF star for MML 53, but was discovered to be binary with a separation of 376 mas with a flux ratio of 0.10 in the near infrared. The system could be a triple because White et al. (2007) identified the brighter component as a double-lined spectroscopic binary based on the presence of doubled lines.
MML 53
MML 53 is an X-ray active, lithium rich star in the UCL cluster (Wichmann et al. 1997; Mamajek et al. 2002) . It was identified as a double-lined spectroscopic binary by White et al. (2007) based on the doubling of photospheric spectral lines observed in the visual. The system was later discovered to be an eclipsing binary with a period of 2.1 days (Hebb et al. 2010) . Subsequently, a double-lined spectroscopic orbit was determined (Hebb et al. 2011) . A tertiary companion was detected on the basis of its spectral signature and a change in the systematic velocity of the eclipsing binary (Hebb et al. 2010 (Hebb et al. , 2011 .
We resolved the tertiary companion at a separation of 57 mas using Keck NIRC2 AO on UT 2014 July 5. We resolved this companion again on two nights in 2015. Based on the effective temperatures of the three components derived by Hebb et al. (2010) and the nearinfrared flux ratio of ∼ 0.4 for the spatially resolved pair, we expect that the eclipsing binary is the brighter component in our NIRC2 observations. The tertiary companion shows significant orbital motion over two years, as shown in Figure 4 . However, we have not yet mapped enough of the orbit to place meaningful constraints on the orbital parameters.
3.3. ROX 1 ROX 1 (EM* SR 2) was first detected as a binary through micrometer observations by Heintz (1980) . The binary was subsequently resolved through speckle imaging (Ghez et al. 1993 ; Ratzka et al. (Aspin et al. 1997) . We resolved the system twice in 2014-2015 using AO imaging. Figure 5 shows that there is a surprising amount of scatter in the measured orbital motion and that determining a well-defined orbital period is not yet possible. Given that the components are nearly equal brightness, we flipped some of the position angles by 180
• to find a realistic set of orbital positions. It is possible that our identification of the two components at each epoch is not correct; additional measurements in the future to further map the orbital motion should help resolve these possible discrepancies.
A statistical analysis of orbital solutions that fit the existing data indicates that the orbital period is greater than 60 yr, with the 1 σ confidence interval extending out to the search range of 500 yrs. In Figure 5 we plot examples of three orbits that fit the data. These orbits were selected to produce a total mass of ∼ 1.9M ⊙ at Ghez et al. 1993 Ghez et al. , 1995 Aspin et al. 1997; Ratzka et al. 2005; McCabe et al. 2006) . Overplotted are three sample orbits with periods ranging from 110-130 yr and total masses of ∼ 1.9M⊙ for a distance of 130 pc. a distance of 130 pc. The approximate total mass was estimated by assuming two equal mass components, each with a spectral type of G9 (Torres et al. 2006 ) and using the effective temperature and mass estimates computed by Kraus & Hillenbrand (2007) . Without the constraint on the total mass, the orbit fits tend to prefer highly eccentric, high mass orbits.
ROXR1 12
ROXR1 12 was resolved as a binary through speckle observations by Ratzka et al. (2005) in 2001. We resolved the system again using AO imaging in 2015. Figure 6 shows significant orbital motion between the two epochs, although with only two measurements, the coverage is not sufficient for fitting a binary orbit yet.
ROXs 5
ROXs 5 was resolved as a binary through speckle observations by Ageorges et al. (1997) and Ratzka et al. (2005) . We resolved the system two times using adaptive optics imaging at Keck. Figure 7 shows the orbital motion of ROXs 5. The position angle of the speckle measurement by Ageorges et al. (1997) in 1994.3 has been flipped by 180
• . At the published position angle of 130
• , a very eccentric family of orbits fit the data with a minimum total mass of 12.6 M ⊙ assuming a distance of 130 pc, inconsistent with the K7 spectral type of the system (Bouvier & Appenzeller 1992) . After flipping the position angle of the discovery measurement, a statistical analysis of orbital solutions that fit the data indicates that the orbital period is greater than 36 yr, with the 1 σ confidence interval extending out to the search range of 500 yr. These orbital solutions provide a more realistic minimum mass of ∼ 0.87 M ⊙ . In Figure 7 we show examples of three orbits that fit the data. When selecting the orbits to plot, we placed an upper limit of ∼ 1.2 M ⊙ on the total system mass, determined by assuming two equal mass components, each with a spectral type of K7 (Bouvier & Appenzeller 1992) , and using the table of effective temperatures and masses computed by Kraus & Hillenbrand (2007) . This removed highly eccentric, high mass orbits from the range of possible solutions.
ROXs 16
ROXs 16 A,B was resolved as a binary with a separation of ∼ 590 mas through speckle and shift-andadd techniques (Ageorges et al. 1997; Costa et al. 2000; Ratzka et al. 2005) . A possible close companion (ROXs 16 Aa,Ab) was detected during the speckle observations by Ratzka et al. (2005) , although the authors caution that the "probable third component of ROXs 16 is too close to distinguish between an elongated structure and a point source". Fitting the individual Keck AO images as a triple system resulted in possible separations for the close pair ranging between 10−20 mas over a wide range of position angles. Given the large range of positions below the limit of what we can reliably measure using a simultaneous PSF at Keck (e.g., Schaefer et al. 2012 ), we do not consider the detection reliable. Figure 8 shows the orbital motion observed in the wide A,B pair. A statistical analysis of the orbital motion indicates that the orbital period is greater than 42 yr, with the 1 σ confidence interval extending out to the search range of 500 yr. As shown in Figure 3 , the K-band flux ratio of ROXs 5 Figure 7 . Orbital motion measured for ROXs 5 based on our AO observations (black circles) and published measurements from the literature (gray circles; Ageorges et al. 1997; Ratzka et al. 2005) . We flipped the position angle of the speckle measurement by Ageorges et al. (1997 Ageorges et al. ( ) in 1994 .3 by 180
• . Overplotted are three sample orbits with periods ranging from 51-84 yr and total masses of 0.9 − 1.2M⊙ for a distance of 130 pc. ROXs 16 B relative to A has changed significantly over time.
ROXs 42C
ROXs 42C (NTTS 162814-2427) was identified as a double-lined spectroscopic binary with a period of 36 days by Mathieu et al. (1989) . It was discovered to have a wide tertiary component with a separation of ROXs 42C Figure 9 . Orbital motion measured for ROXs 42C based on our AO observations (black circles) and published measurements in the literature (gray circles; Ghez et al. 1993 Ghez et al. , 1995 Aspin et al. 1997; Barsony et al. 2003; Ratzka et al. 2005) . Overplotted are examples of orbital solutions with periods ranging from 80 to 120 yr.
150 mas through speckle interferometry (Ghez et al. 1993) . The orbital motion of the visual pair has been monitored through speckle imaging and shift-and-add techniques (Ghez et al. 1993 Aspin et al. 1997; Barsony et al. 2003; Ratzka et al. 2005) . We resolved the system during two AO observations. Figure 9 shows the orbital motion for ROXs 42C. A statistical analysis of orbital solutions that fit the data indicates that the orbital period is greater than 56 yr, with the 1 σ confidence interval extending out to the search range of 500 yr.
ROXs 43 Aa,Ab,B
ROXs 43 A and B are a ∼ 4.
′′ 5 visual pair (Barton 1951; Bouvier & Appenzeller 1992; Reipurth & Zinnecker 1993; Simon et al. 1995; Ageorges et al. 1997; Ratzka et al. 2005; Correia et al. 2006; McCabe et al. 2006) . ROXs 43A was detected as a single-lined spectroscopic binary with a period of 89 days (Mathieu et al. 1989 ). The spectroscopic binary was discovered to have an additional companion with a separation of 334 mas and a flux ratio of 0.05 through adaptive optics observations by Correia et al. (2006) . This companion was not detected in the speckle observations by Ghez et al. (1993) or Ratzka et al. (2005) . ROXs 43B was discovered to have a close companion with a projected separation of 16 mas through the lunar occultation observations by Simon et al. (1995) . Therefore, the system is a quintuple. During our AO observations at Keck in 2015, we resolved the 300 mas pair ROXs 43 Aa,Ab; the orbital motion is shown in 
ROXs 47A
ROXs 47A (DoAr 51) was resolved as a triple system by Barsony et al. (2003) .
The wide pair has a separation of ∼ 790 mas (Barsony et al. 2003; Ratzka et al. 2005; McCabe et al. 2006) . The orbital motion of the close pair has been resolved through speckle interferometry, aperture masking, and VLBA radio observations (Barsony et al. 2003; Cheetham et al. 2015; Rizzuto et al. 2016; Ortiz-León et al. 2017 ). An orbit for the close pair with a period of 8.2 yr and a semi-major axis of 33 mas was computed by Rizzuto et al. (2016) . Based on VLBA radio observations, Ortiz-León et al. (2017) revised the relative orbit and computed the astrometric center of mass motion and a geometric parallax of 6.983 ± 0.050 mas (143.2 ± 1.0 pc). This astrometric solution provided individual masses of 0.791 ± 0.014 M ⊙ and 0.781± 0.042 M ⊙ for the components in the close pair.
We resolved the triple system on four nights between 2004−2015 using adaptive optics imaging at Keck. Figure 11 shows the orbital motion of the close pair. Our AO observations are consistent with the previously published measurements. An orbit fit to all of the available data yields the orbital parameters in Table 4 which are consistent with those published by Rizzuto et al. (2016) and Ortiz-León et al. (2017) . The astrometric motion of the close pair relative to the wide component based on our AO observations is too sparse to model the center of mass motion, however, the motion is consistent with the astrometric orbit published by Ortiz-León et al. (2017) . ROXs 47A Figure 11 . Orbital motion measured for ROXs 47 Aa,Ab (DoAr 51) based on our AO observations (black circles) and previously published measurements (gray circles; Barsony et al. 2003; Cheetham et al. 2015; Rizzuto et al. 2016; Ortiz-León et al. 2017) . Overplotted is the best fitting visual orbit with a period of 8.1 yr.
As shown in Figure 3 , the K-band flux ratio of ROXs 47 Ac relative to Aa and Ab varied by a factor of ∼ 2 in 2014−2015, while the flux ratio of Ab relative to Aa has changed by only factor of ∼ 1.2. This suggests that Ac is likely the most variable component.
EM* SR 12
SR 12 (HBC 263) was first detected as a binary during a lunar occultation (Simon et al. 1987 ). The orbital motion of the binary has been mapped through lunar occultations, speckle interferometry, and imaging (Simon et al. 1987; Zinnecker & Perrier 1988; Simon et al. 1995; Costa et al. 2000; Allen et al. 2002; McCabe et al. 2006) . The system also has a faint, substellar companion (SR 12 C) at a separation of 8.
′′ 8 (Allen et al. 2002; Kuzuhara et al. 2011; Bowler et al. 2014) . SR 12 C was outside of the field of view of the NIRC2 images. Figure 12 show the orbital motion measured for SR 12 B relative to A. Fitting an orbit to the data provides an improved χ 2 compared with linear motion, but the coverage is so limited that we cannot place strong constraints on the orbital parameters. A statistical analysis of orbits that fit the data indicates that the orbital period must be greater than 62 yr with the 1 σ confidence interval extending out to the search range of 500 yr. The K-band flux ratio of SR 12 has increased by a factor of ∼ 1.3 since the previous measurements in 1996-2001.
EM* SR 20
SR 20 (HBC 643) was first detected as a binary with a separation of 71 mas by Ghez et al. (1993) . The orbital motion has been mapped through speckle imaging and aperture masking (Ghez et al. 1993 Cheetham et al. 2015) . The system was unresolved on three occasions reported by Richichi et al. (1994) and Ghez et al. (1995) . We observed the system using AO imaging on UT 2014 July 6; the data suggest that the image is not a single star, but without a simultaneous PSF in the field of view we could not measure a reliable binary separation. The separation measured from individual frames varied between 20-54 mas over a wide range of position angles. Likewise, we were not able to measure a reliable separation during aperture masking observations that we obtained on UT 2015 July 12. As shown in Figure 13 , the published measurements span nearly one full orbital period (P ∼ 23.2 yr). We fit an orbit to these data and obtained the preliminary orbital parameters in Table 4 . However, because the observations all lie on the same side of the orbit and there is a large deviation in the position of the discovery observation, most of the orbital parameters have large uncertainties. The uncertainties were estimated by exploring the 1 σ confidence intervals using the grid search procedure described in Schaefer et al. (2006) . At an assumed distance of 130 pc, a statistical analysis of the orbits that fit the data indicate a median total mass of 0.7
3.12. EM* SR 24N Ghez et al. (1993 Ghez et al. ( , 1995 and Cheetham et al. (2015) . The blue line shows the best fit orbit with a period of 23.3 yr while the red lines shows orbits within the 1 σ confidence interval in the inclination. (2015) did not resolve the close pair during their aperture masking observations. We resolved all three components in the SR 24 system during two AO imaging observations in 2014−2015. Figure 14 shows the orbital motion observed for the close binary SR 24 N. A statistical analysis of orbital solutions that fit the data indicates that the 1 σ confidence interval on the orbital period extends from 78 to 216 yr. The preliminary ranges for each of the orbital parameters are listed in Table 4 . Sufficient curvature has been mapped to provide welldefined 1 σ bounds on the total mass. Assuming that the system is located in Lynds 1688 at a distance of 137.3 pc, the total mass of SR 24N is 1.24 ± 0.24 M ⊙ .
The relative brightness of the two components in SR 24N has varied significantly, with the K-band flux ratios (Nb/Na) varying between 0.46 to 1.5, as shown in Figure 3 .
There are disks around both SR 24S (e.g., Pinilla et al. 2017 ) and SR 24N (Greene et al. 1994; Martin et al. 1998) . Recent ALMA observations indicate that the disks are misaligned (Fernández-López et al. 2017) . The continuum emission detected around SR 24N is unresolved by the ALMA observations at a resolution of 150 mas. Based on the 1 σ confidence intervals from the orbital fitting, the minimum and maximum projected separations between Na and Nb range between 42-47 mas and 175-370 mas, suggesting that the continuum emission is likely from a circumstellar disk around one of the northern components. The semi-major axis of 600 mas for the CO line emission detected by ALMA is larger than the dimensions of the binary orbit, suggesting that it is likely from a circumbinary disk. This geometry is similar to the interpretation by Andrews & Williams (2005) . The size and orientation of the circumbinary disk and the binary orbit on the plane of the sky are shown in Figure 15 . Comparing the preliminary visual orbital parameters for the close binary with the orientation of the disk around SR 24N indicates a relative of alignment (e.g., Fekel 1981; Kellogg et al. 2017) −21 between the binary orbit and the disk (the two possibilities are a result of the 180
• ambiguity in Ω for the visual orbit). Obscuration by the disk around SR 24N could be causing the observed photometric variability; monitoring the flux ratio in the K and L bands could help identify the source of the variability (Prato & Simon 1997; Beck et al. 2004 ).
V853 Oph
The orbital motion of the wide pair V853 Oph A,B with a separation of ∼ 300 mas has been monitored using speckle interferometry, lunar occultation, shiftand-add techniques, the Fine Guidance Sensors onboard the Hubble Space Telescope, and adaptive optics imaging (Ghez et al. 1993; Simon et al. 1995; Aspin et al. 1997; Costa et al. 2000; McCabe et al. 2006; Schaefer et al. 2006) . Simon et al. (1995) discovered a close companion to the primary (Aa,Ab) during a lunar occultation observation. We obtained three additional observations of the system using AO imaging at Keck in 2014−2015. On UT 2014 Jul 6, there were significant residuals in the PSF fitting when modeling V853 Oph A as a single source, indicating that the PSF of V853 Oph A is elongated in comparison to B. For these data, we modeled V853 Oph Aa,Ab as a close binary using V853 Oph B as the PSF and obtained a consistent separation of 23.51 ± 0.97 mas. The difference in Akaike's information criterion (Burnham & Anderson 2002) between the binary and triple fits ranged between 520−1000 for the individual images, indicating a signficant improvement in the χ 2 . For our data from the two nights in 2015, we attempted to fit the system as a triple, but the range of separations derived from the individual images varied by a factor of two (14−27 mas on 2015 April 5 and 9−17 mas on 2015 July 12). The difference in Akaike's information criterion on these nights was significant (82−302), indicating an elongation compared with a point source, however the separation and position angle could not be measured reliably.
In Table 3 we present the wide pair (V853 Oph B,A) separations for all nights, and the possible detection of the close companion in 2014. We also present two updated positions of the wide pair from Schaefer et al. (2006) that have been corrected for geometric distortions. Figure 16 shows the orbital motion of V853 Oph A relative to the fainter wide component B. A statistical analysis of possible orbits that fit the data indicates that V853 Oph B,A Figure 16 . Orbital motion measured for V853 Oph A relative to the fainter wide component B based on our AO observations (black circles) and previously published measurements (gray circles; Ghez et al. 1993; Simon et al. 1995; Aspin et al. 1997; Costa et al. 2000; McCabe et al. 2006; Schaefer et al. 2006) . Overplotted in blue is a sample orbit with a period of 400 yr. The red line segments connect the measurements with the predicted positions along the orbit. The measured separation of the most discrepant point was near the resolution limit of the telescope in the observed N -band (McCabe et al. 2006 ).
the period is longer than 80 yr, with the 1 σ confidence interval extending out to the search range of 500 yr. As shown in Figure 3 , the K-band flux ratio of V853Oph A relative to B has varied significantly. Schaefer et al. (2006) showed that most of the V -band variability is associated with the primary V853 Oph A. Both wide components are classified as classical T Tauri stars with disks (Geoffray & Monin 2001) .
VSSG 14
The close companion to VSSG 14 was discovered through a lunar occultation with a projected separation of 101 mas (Richichi et al. 1994) . It was resolved through speckle imaging eight years later (Ratzka et al. 2005) . We resolved the close companion during three AO observations in 2014-2015. Figure 17 shows the current orbital motion observed for VSSG 14. A statistical analysis of orbital solutions that fit the existing data indicates that the orbital period is greater than 8.7 yr, with the 1 σ confidence interval extending out to the search range of 500 yrs. There is not yet enough curvature to place reasonable estimates on the total mass.
WSB 18
WSB 18 is a triple system. The wide pair is separated by 1.0 ′′ ( Figure 18 . Orbital motion measured for the close pair in WSB 18 based on our AO observation (black circle) and the speckle measurement (gray circle) from Koresko (2002) . companion with a separation of 100 mas was discovered by Koresko (2002) during speckle observations. We resolved all three components in the triple system during our AO observation in 2015. Figure 18 shows the orbital motion observed for the close pair. The companion has moved significantly since its detection in 1999.
WSB 21
WSB 21 was discovered to be a binary with a separation of 121 mas through speckle observations by Ratzka et al. (2005) . We resolved the companion dur- ing our AO observations in 2015. Figure 19 shows the orbital motion. The PSF fitting of the AO data using the primary as the PSF showed strong residuals in the secondary, indicating that the PSF of the secondary is more elongated than the primary. We attempted to fit the system as a triple and found a consistent solution across all images and filters by fitting the secondary as a close binary with a separation of only 21 mas. This possible detection of WSB 21 as a triple must be confirmed in future observations. We list the separation and position angle for both the binary and triple solutions in Table 3 . Figure 20 shows a comparison of the binary and triple fits. The separation of the A and B components are close enough on the detector (∼ 200 mas) that we do not expect geometric distortion to be the cause of the difference in the PSF shapes.
3.17. WSB 37 WSB 37 was resolved as a binary with a separation of 161 mas through speckle observations by Ratzka et al. (2005) . We resolved the system during our AO observations in 2015. There is a 180
• ambiguity in the position angle of the original speckle observation. The direction of motion could be clarified with additional measurements along the orbit. Figure 21 shows two possibilities for how much the binary has moved over fifteen years since its discovery. The option at a position angle of 245
• is more consistent in a dynamical sense with a pair of low-mass stars. The K-band flux ratio of WSB 37 has increased by nearly a factor of 10 compared with the initial measurement by Ratzka et al. (2005 . Orbital motion measured for the close pair in WSB 37 based on our AO observations (black circle) and the speckle measurement (gray circle) from Ratzka et al. (2005) . There is a 180
• ambiguity in the position angle of the speckle observation so we plot both possibilities.
WSB 59 was resolved as a binary with a separation of 100 mas at a position angle of 103
• through speckle observations by Ratzka et al. (2005) . We resolved the binary during three of our AO observations in 2014−2015, most recently with a separation of 73 mas at a position angle of 267
• . This suggests a large change in position over the past 15 years. Ratzka et al. (2005) do not mention explicitly an ambiguity in the position angle of the speckle observations of WSB 59, although the measured separation is near their resolution limit so they could not distinguish between an elongated structure and a . Orbital motion measured for the close pair in WSB 59 based on our AO observations (black circle) and the speckle measurement (gray circle) from Ratzka et al. (2005) . The published position angle of the speckle measurement is almost 180
• different from the most recent AO observations. Ratzka et al. (2005) do not mention explicitly an ambiguity in the position angle but their measurement was near the resolution limit, so we include the flipped position angle in the plot as an alternate possibility.
binary star. If we flip the position angle of that measurement by 180
• , then the change in position is much smaller. Figure 22 shows both possibilities. Additional measurements along the orbit would clarify the direction of motion. The K-band flux ratio of WSB 59 is twice as large compared with the initial measurement by Ratzka et al. (2005) .
CONCLUSIONS
We present recent measurements of the orbital positions of 17 multiple systems in the Ophiuchus star forming region and the UCL cluster based on AO imaging at the Keck Observatory. We detected visual companions of MML 50 and MML 53 for the first time and report the possible detection of a close third companion in WSB 21 and V853 Oph. We did not resolve EM* SR 20 during our AO observations, but present a preliminary orbit based on previously published measurements. We also provide a preliminary orbit for EM* SR 24N and a revised visual orbit for the close pair in ROXs 47A based on additional AO measurements reported in this paper. Most of the observed binaries do not have enough orbital measurements to determine a preliminary orbital solution, however, the positions reported here will help to plan the frequency of future observations and provide data for the eventual determination of the orbital solutions and dynamical masses. Table 3 continued Table 3 continued Note-The total mass of ROXs 47A includes the uncertainty in the orbital parallax (143.2 ± 1.0 pc) determined by Ortiz-León et al. (2017) . The total mass of SR 20 is the median from a statistical analysis of orbits that fit the data; the uncertainties contain 34% of the solutions on either side of the median. The total mass of SR 24 N was determined from the 1 σ (∆χ 2 = 1) confidence interval. The uncertainties in the masses for SR 20 and SR 24 are derived from the visual orbit only and do not include uncertainties in the distance. The distances for these systems are not yet precisely known and will be refined by astrometric missions like GAIA.
